Background: Pleural effusion is an important problem in chest medicine. This problem might be seen in several conditions including tuberculosis and cancer. The differential diagnosis between tuberculous effusion and other effusions usually requires a good diagnostic test. The advance metabolomics approach is mentioned for the usefulness for differential diagnosis. The important consideration is on the effect of background metabolic alterations of the patients. Methods: The authors hereby assess the effect of background diabetes mellitus on the metabolome in tuberculous effusion. The common specific metabolome between tuberculous effusion and diabetes is searched for. The simulation to assess the confounding and overlapping effect of metabolome in diabetes to tuberculous effusion is done. Results: The only one identified common metabolome is citric acid. According to the simulation, there is a significant confounding and overlapping effect of citric acid in diabetes to tuberculous effusion. Conclusion: Diabetes might interfere with the use of citric acid as a metabolomic biomarker for tuberculous effusion. 
IntroductIon
Pleural effusion is an important problem in clinical practice. This problem is an important clinical presentation in several conditions including tuberculosis and cancer. The differential diagnosis between tuberculous effusion and other effusions requires a good diagnostic test. [1, 2] The primary diagnostic approach is by classical laboratory medicine technique to differentiate between exudative effusion in tuberculous effusion and other exudative and transudative effusions. [1, 2] The difficulty in diagnostic approach is common. The advance metabolomics approach is mentioned for the advantage in differential diagnosis. This technique is based on the modern biochemioinformatics technique to identify specific metabolome for discrimination between different clinical disorders. It can also be applied for tuberculosis. [3] Nevertheless, the important consideration is on the effect of background metabolic alterations of the patients. The metabolic disorder is a common clinical problem in the present day. Diabetes mellitus is a very common metabolic disorder seen worldwide. The metabolic alteration in diabetes is observable. The interesting research question is whether there is any effect of specific metabolic change due to diabetes on the specific metabolome in tuberculous effusion. In this study, the authors perform an analysis on this specific topic.
mEthods
This is a bioinformatics study. The aim of this study is to assess the effect of background diabetes mellitus on the metabolome in tuberculous effusion. The common specific metabolome between tuberculous effusion and diabetes is searched for. The primary data from the previous metabolomics study for tuberculous effusion and diabetes are collected and used for further mathematical modeling study. The simulation to assess the confounding and overlapping effect of metabolome in diabetes to tuberculous effusion is done. For simulation study, the magnitude of identified metabolome changes in tuberculous effusion and diabetes is firstly calculated, and
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this magnitude is directly simulated to the healthy normal controls. The results after simulation for tuberculous effusion and diabetes are compared to assess possible overlapping or confounding phenomenon. Furthermore, a similar simulation for the scenario with both tuberculous effusion and diabetes is also done to assess the possible synergy phenomenon.
This research is not based on human subject, animal, or clinical sample but uses mathematical informatics technology. Hence, it does not require written informed consent of the patients and ethical approval.
rEsults
According to the literature search, specific reports on metabolomics for tuberculous effusion [4] and diabetes [5] can be derived. In each report, the specific metabolomes are available. For tuberculous effusion, the specific metabolomes are L-alanine, citric acid, and creatine. For diabetes mellitus, the specific metabolomes are glucose, fructose, cholesterol, tyrosine, phosphoric acid, lactic acid, glycine, alanine, glutamine, proline, and citric acid. From Venn diagram analysis, there is only one common specific metabolome, citric acid.
In referenced studies, [4, 5] the level of citric acid in tuberculous effusion, diabetes, and controls can be derived. The result from the comparison of a specific level of citric acid to controls in both tuberculous effusion and diabetes is shown in Table 1 . The decreasing level of citric acid comparing to controls is observable in both tuberculous effusion and diabetes. The magnitude of change is calculated and shown in Table 1 .
From the simulation, there is no overlapping between citric acid level in tuberculous effusion and diabetes (0.42-1.34 vs. 1.45-2.34). For synergy in case with both tuberculous effusion and diabetes, the simulated magnitude of change of citric acid is 1.87-3.68 times.
dIscussIon
The biomarker for differential diagnosis of tuberculous effusion is interesting. There are different methods for diagnostic of pleural effusion. The modern DNA test is also applicable for differential diagnosis of pleural effusion, but it might not be available in several settings. [6] The use of new biomarker will also be useful. The good example of a new biomarker is adenosine deaminase. [7, 8] Seeking for a new biomarker is the new issue of mycobacteriology research. The use of metabolomics approach for identification of new biomarker is possible. There are many reports on applied metabolomics researches for biomarker findings for several medical disorders including tuberculous effusion. According to the recent study by Wang et al., [4] the specific metabolomes for tuberculous effusion can be detectable. Those metabolomes are specific for tuberculosis comparing to the other exudate and transudate effusions. Nevertheless, an important consideration is the possible effect of confounding metabolic disorder.
In general, metabolic problem is common and observed in any countries around the world. Diabetes is one of the most common metabolic diseases. For diabetes, there are also specific metabolomes in this medical disorder. [5] Here, the authors can show that there are common metabolomes between the two medical disorders, tuberculous effusion and diabetes. The identified common metabolome is citric acid.
To use this metabolome in differentiate tuberculous effusion from other effusion, one has to beware of the interference from diabetes. Without diabetes, the decrease in citric acid might be observable in tuberculous effusion, and this might be helpful in differential diagnosis. Nevertheless, if there is additional underlying diabetes, there will be a synergy effect and there will be no decreased citric acid. In fact, without diabetes, there is still a chance that there might be no decreased citric acid in tuberculous effusion. Based on these findings, it might show that the citric acid might be useful for differential diagnosis in case that there is a reduction in its level. In case without reduction or increased level, there is a change of interference of diabetes that might result in false diagnosis as no tuberculous effusion.
To avoid interference effect from diabetes, the other remained specific metabolomes seen in tuberculous effusion including L-alanine and creatine should be considered as biomarkers for discrimination of pleural effusion.
conclusIon
According to this study, diabetes might interfere with the use of citric acid as a metabolomic biomarker for tuberculous effusion.
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